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ABSTRACT. We test whether five biological traits of frugivorous butterflies (Lepidoptera: Nymphalidae) of the Brazilian Atlantic 
Forest differ between a continuous forest and an adjoining fragmented landscape. Possible fragmentation effects were detected in 
sex ratio and age structure, but we found no evidence that recapture rates, wing size, or damage in frugivorous butterflies were re- 
lated to forest fragmentation. Among the possible explanations for the observed patterns, we suggest that 1) the landscape is suffi- 
ciently permeable and suitable for maintaining most general biological patterns in butterflies, 2) non-effects might be statistical ar- 
tifacts, 3) the traits examined are usually not affected by this level of fragmentation, or 4) the most abundant frugivorous butterflies 


demonstrate some resistance to habitat fragmentation. 


Additional key words: fruit-feeding butterflies, forest fragmentation, population biology. 


An inevitable result of the expansion of human 
activities in forested habitats is the reduction of native 
vegetation and the creation of mosaics of forest 
remnants within an anthropic matrix. Consequently, 
severe ecological outcomes in the landscape may be 
predicted, and have been observed (Bierregaard et al. 
2001). Forest fragmentation is currently one of the 
processes that most contributes to the increasing rates 
of species extinction and loss of biodiversity (Saunders 
et al. 1991, Tscharntke et al. 2002). 

To help ensure the success of biological conservation, 
biologists need to understand patterns and processes of 
changing landscapes, as well as population responses to 
these large-scale modifications (Collinge 2001). 
Although many studies treat habitat fragmentation 
effects in Neotropical environments (reviews in 
Saunders et al. 1991, Turner 1996, Debinski & Holt 
2000, Laurance et al. 2002, Tscharntke et al., 2002), few 
data exist for the most rich and abundant group of 
animals in these environments, the insects. Effects of 
forest fragmentation on populations of insects are still 
little understood, and the empirical data are diffuse and 
contradictory (Didham et al. 1996). Bierregaard et al. 
(1997) point out that basic natural history information is 
absent for a majority of the Neotropical fauna and is 
deficient even for groups considered “charismatic”, such 
as butterflies. This scenario is even worse when focused 
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on one of the most endangered Neotropical ecosystems, 
the Brazilian Atlantic Forest, where only few studies on 
fragmentation effects on insects have been done (eg. 
Tonhasca et al. 2002, Brown & Freitas 2003). 

Because butterflies are short-lived organisms whose 
populations respond rapidly to changes in habitat 
quality (Brown 1991), our objective is to determine if 
biological traits of Atlantic Forest frugivorous butterflies 
(Lepidoptera: Nymphalidae) (sex ratio, recapture rates, 
size, incidence of damage, and age structure) differ 
between a continuous forest and an adjoining 
fragmented landscape (data on abundance distribution 
as well as community patterns will be reported 
elsewhere). These traits were chosen because they were 
reported in other population studies on Neotropical 
butterflies (e.g. Ehrlich & Gilbert 1973, Ehrlich 1984, 
Freitas 1993, Ramos & Freitas 1999) and are easily 
recorded, even if their relations to habitat fragmentation 
are either ambiguous (e.g. Thomas et al. 1998, Davies et 
al. 2000) or were not evaluated. 


METHODS 


Study area. The study area is located in the town of 
Cotia, São Paulo State, SE Brazil (23°35'S - 23°50'S, 
46°45'W - 47°15'W). The altitude in the region varies 
from 800 to 1,000 m, with climate Cwa (humid 
subtropical with a dry winter, Kóppen 1948). The 
annual mean temperature is 20.4°C, ranging from 
16.5°C in July to 23.6°C in February; mean annual 
rainfall is 1,339 mm (meteorological data for 1962- 
1992). 

The site was originally covered with Atlantic Forest 
vegetation, classified as montane rainforest (Ururahy et 
al. 1997). Field work was done in two landscapes (Fig. 
1): a continuous forest block (Morro Grande State 
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Reserve) and a mosaic of forest fragments immediately 
a the west. The Morro Grande State Reserve (23°39'S 
- 23°50'S, 46°55'W - 47°01'W) is a large block of forest 
(> 10,000 ha) mostly in advanced stages of succession, 
containing patches of well-preserved original forest. The 
fragmented landscape consists of a matrix formed 
mostly of small farms and orchards, mixed with 
vegetation in initial stages of regeneration (2 to 8 years) 
and reforestation of Eucalyptus and pine plantations, 
interspersed with about 35% natural vegetation (data 
from 1:10,000 aerial photographs from April, : 2000). 

Frugivorous butterflies. Butterflies can be 
separated into two main guilds, considering the feeding 
habits of adults (DeVries 1987): 1) nectar-feeding: 
Papilionidae, Pieridae, Lycaenidae, Hesperiidae, and 
some subfamilies of Ny mphalidae; 2) “frugivorous” 
nymphalid butterflies, mostly in the satyroid lineage 
(sensu Freitas & Brown 2004): Satyrinae, Brassolinae, 
Morphinae, Charaxinae, Biblidinae, and the tribe 
Coeini (Nymphalinae). The so-called “frugivorous 
butterflies”, besides feeding on fermented fruits, also 
feed on mammal excrement, plant exudates, and carrion 
(DeVries 1987). 

Sampling frugivorous butterflies presents some 
practical advantages. They can be easily captured in 
traps containing rotting fruit, w hich permits 


simultaneous sampling with standardized effort at 
different sites. After identification, the majority of a 
butterflies can be released unharmed and marked. : 
that recaptures can be evaluated with minimum 
handling. Moreover, the attraction of butterflies to a 
food resource reduces the possibility of chance capture, 
present in other methods (DeVries & Walla 2001 
Freitas et al. 2003). 

Several nymphalid species in the nectar-feeding guild 
(including Apaturinae, Limenitidinae and Ithomiinae) 
are occasionally captured with fermenting baits 
(DeVries et al. 1999). Since they belong to another guild 
and may suffer influence from flowers next to the traps 
such species have not been considered in this work. A 
complete illustrated list of the frugivorous butterflies 
observed in the study area is presented by Uehara- 
Prado et al. (2004). 

Sampling procedures. This study was carried out at 
nine sites in the two landscapes: four sites inside the 
Morro Grande State Reserve (called “control”, Fig. 1 A- 
D) and five forest fragments of approximately 14, 29, 52, 
99 and 175 ha (Fig. | E-I, respectively). Each site 
received a eur unit (hereafter SU) of five portable 
bait traps. Bait traps consisted of cylinders 110 cm high 
x 35 cm diameter made with dark netting, with an 
internal cone (22 cm wide at the opening) to prevent 


Fic. 1. Location of the study areas in the Morro Grande Reserve (A-D) and in the fragmented landscape (E-I). Source: Kronka et al. (1993) 
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butterflies from escaping. The cylinder was attached ca. 
4 cm above a plywood base, on which the bait was 
placed (adapted from Shuey 1997). 

The traps were placed linearly along pre- oe 
trails in the understory of each site, suspended 1.8-2 
m above the ground, with a distance of at least 20 m 
between adjacent traps and at least 50 m from the forest 
edge. Each trap was placed in a small, partly sunny 
clearing large enough to allow butterflies to circle and 
enter without exposing the bait and butterflies to 
extreme heat. The average distance between traps did 
not differ between SUs (Kruskal-Wallis H = 12.75, p = 
0.121, df = 8). The use of five spaced traps per SU 
aimed to average the effects of trap position and bait 
attractiveness on the probability of butterfly capture 
(DeVries & Walla 2001). 

A standard mixture of mashed banana and sugar cane 
juice, fermented for at least 48 hours, was used as 
attractant. The bait was placed inside the traps in plastic 
pots with a perforated cover to prevent butterflies from 
drowning in the liquid, to avoid feeding by other insects, 
and to reduce evaporation (Hughes et al. 1998). The 
traps were checked every 48 hours, permitting an 
increase in the number of sample sites (Hughes et al. 
1998). The baits were replaced at each visit. "The traps 
were kept in the field 12-14 days for a total of 36,000 
trap/hours, with about 10 hours of effective sampling 
per day. Six samplings were carried out between 
November 2001 and May 2002, the period most 
favorable for the capture of frugivorous butterflies in SE 
Brazil (Brown 1972). 

Sampling was done with minimal collecting events to 
reduce the effect of individual removal over time. 
Before release, each butterfly received an individual 
alphanumeric mark made with a felt-tipped pen on the 
ventral surface of each hind wing (as in Freitas 1993, 
1996). We registered the followi ing data for each 
captured individual: sex, forewing length, wing damage 
(present or absent), and wing wear (a measure of age: 
new, intermediate or old; modified from Freitas 1993; ). 

We used G-tests for comparing proportions and 
Students t-tests for comparing wing sizes. Data for 
males and females of each species were analyzed 
separately when the sample size of each sex allowed 
this. When multiple comparisons were made, critical 
values were corrected using the sequential Bonferroni 
method (Rice 1989). 


RESULTS 


Seventy species in six subfamilies of Nymphalidae 
were included in the 1,810 butterflies captured (Table 1, 
Appendix I). In 14 species (representing 76.6 % of the 
sampled individuals), the sample was large enough (N > 
30) to describe the chosen population measures 
(Appendix I). Similar analyses with the remaining 
species were done only when the data were pooled by 
subfamily. 
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TABLE 1 Species richness and abundance (individuals captured) of 
frugivorous butterflies subfamilies (Nymphalidae) sampled in the 
Morro Grande Reserve (MG) and in the fragmented landscape (FR) 
from November 2001 to May 2002. 


Subfamily Species richness Individuals captured 
MG FR MG FR 
Satyrinae tri 20 201 309 
Biblidinae 14 I 292 583 
Charaxinae 10 14 56 172 
Brassolinae 10 9 105 62 
Morphinae 2 2 6 15 
Nymphalinae: l 2 1 8 
Coeini 
TOTAL 54 64 661 1,149 


After Bonferroni's correction the sex ratio was 
significantly different from 1:1 in three species in the 
reserve and in one species in the fragments (Fig. 2). In 
the fragments, only Hamadryas epinome (Biblidinae) 
had a male-biased sex ratio. In the reserve, males were 
more abundant than females in H. epinome, H. fornax, 
and Dasyophthalma creusa (Brassolinae). When 
compared between landscapes, females were 
proportionally more abundant in the fragments (16%) 
than in the reserve (8%) for H. epinome (G = 7.31, df = 
1, p = 0.007, N = 538) and proportionally more 
abundant in the reserve (74%) than in the fragments 
(50%) for Myscelia orsis (Biblidinae) (G = 8.07, df = 1 
p = 0.005, N = 158) (critical p value = 0.007). 

For both sexes of the four most abundant species and 
for Dasyophthalma creusa males, the recapture rate was 
similaramong landscapes (Table 2A), varying from 7.5 to 
25.8 % in the fragments and from 0 to 28.2 % in the 
continuous landscape. When compared between 
landscapes (excluding Euptychoides castrensis, whose 
males were not captured in the reserve), these rates did 
not differ significantly (Table 2A). Likewise, there were 
no differences in recaptures between sexes, when each 
landscape was analyzed separately (Table 2B). Although 
individuals of some species were observed flying 
through the matrix in the fragmented landscape and 
along large roads of the Morro Grande Reserve, 
recaptures between SUs were not observed in any 
species in this study. 

There were no differences in wing size between 
landscapes for any analyzed species (Table 3). When 
wing size was compared between sexes, females were 
significantly larger than males in 8 of the 14 analyzed 
species (pooled data from the two landscapes) (Table 4). 

Most species showed a homogeneous age structure in 
both landscapes; that is, there was no predominance of 
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FIG. 2. Sex ratio of frugivorous butterflies (Nymphalidae) at the Morro Grande Reserve (MG) and at the fragmented landscape (FR) from 


November 2001 to May 2002. ° 


individuals in any age category. The exceptions to this 
pattern, all ^new"-biased, were males of Hamadryas 
epinome and Taygetis ypthima in the reserve, and males 
of H. epinome, Godartiana muscosa, and Memphis 
appias, and both sexes of Myscelia orsis in the 
fragments (Table 5A). Godartiana muscosa (males) was 
"S only species that showed age structure significantly 
different between landscapes, Pu more individuals in 
"intermediate" and “new” categories in the fragments 
(G = 11.29, p = 0.004, df = 2, N = 58, corrected aiel 
p-value = 0.013). Conversely, when species were 
grouped by subfamily, the Satyrinae showed a 
predominance of individuals in “intermediate” and “old” 
categories in the fragments (Table 5B). 

The percentage of individuals with wing damage for 
the nine most abundant species ranged from 0 to 30.8% 
in the reserve and from 4.6 to 37.5% in the fragments. 
Damage frequency was not different between 
landscapes, either when species were considered 
separately or grouped by subfamily (Table 6 A, B). The 
subfamilies showed different damage ratios, both in the 
reserve (G = 26.61, p < 0.001, df = 3, N = 636) and in 
the fragments (G = 27.83, p < 0.001, df = 3, N = 1,106), 
with the highest damage ratios in Brassolinae in both 
landscapes (corrected critical p-value = 0.013) 


= Sex ratio significantly different from 1:1 (corrected critical P-value = 0.004 


EB males 
LOI females 


MG 


FR 


DISCUSSION 

Population Biology. Contrary to many field studies 
carried out with butterfly populations (e.g., Gilbert & 
Singer 1975, Ehrlich 1984, Tyler et al. 1994), the sex 
ratio observ Ed for most species in this study was not 
male-biased; recapture rates also did not differ between 
sexes. In most studies that sampled butterflies with nets, 
male-biased sex ratios result in part from differences in 
butterfly behaviors, with males flying in the same places 
frequented by lepidopterists (open tr ads with elevated 
light incidence and large space for flight), and females 
more dispersed in the habitat sear ching for host plants 

(e.g. Ehrlich 1984, Freitas 1996, Ramos & Freitas 
1999). The use of traps in the present study may 
minimize this bias due to the use of a food resource 
attractive to both sexes and independence from 
collector efficiency. Nonetheless, more mark-recapture 
studies are necessary to evaluate if. and by how much. 
the sex ratio is biased in different butterfly species. 

The recapture rates found in this study - always less 
than 3096 in both landscapes - might be attis to 
particular characteristics of each species, such as la: 
population size, flight ability, relatively short life span, o: 
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TABLE 2 Recapture of frugivorous butterflies species (Nymphalidae) in the Morro Grande Reserve (MG) and in the fragmented landscape 
(FR) from November 2001 to May 2002. A. Comparisons among landscapes. B. Comparisons among sexes. BRA = Brassolinae, SAT = Satyri- 


nae, BIB = Biblidinae, Subf = Subfamily. 


A) Species Subf. Sex Morro Grande Reserve Fragmented landscape MGxFR 
Capture Recapture Capture — Recapture G-test P 
(96) (96) 
Dasyophthalma creusa BRA d 33 1 (3.03) 18 3 (16.7) 2.50 0.114 
Godartiana muscosa SAT d 26 6 (23.1) 3l 8 (25.8) 0.06 0.815 
? 9 2 (22.2) 18 PAD 0.02 0.899 
Hamadryas epinome BIB d 163 46 (28.2) 283 60 (21.2) 2.76 0.097 
? 15 2 (13.3) 48 8 (16.7) 0.09 0.763 
Myscelia orsis BIB 9 28 1 (3.6) 51 4 (7.8) 0.55 0.460 
B) Species Subf. Morro Grande Reserve Fragmented landscape 
G-test P G-test P 
Godartiana muscosa SAT 0.00 0.960 1.54 0.215 
Euptychoides castrensis SAT - - 0.02 0.876 
Hamadryas epinome BIB 1.69 0.194 0.53 0.467 
Myscelia orsis BIB - - 1.39 0.239 


TABLE 3 Wing size of frugivorous butterflies (Nymphalidae) sampled in the Morro Grande Reserve and in the fragmented landscape from 
November 2001 to May 2002: comparisons among landscapes. Abbreviations as in Table 2 legend. CHA = Charaxinae. ° Corrected critical P- 


value = 0.004 
Species Subf. Sex Morro Grande Reserve 
x (mm) SE N 
Dasyophthalma creusa BRA 45.44 0.24 39 
Forsterinaria necys SAT d 24.00 0.62 7 
Forsterinaria quantius SAT ó 25.19 0.22 .26 
Godartiana muscosa SAT 3 22.33 0.35 30 
9 23.91 0.60 il 
Taygetis ypthima SAT d 36.65 0.27 3l 
Euptychoides castrensis SAT 9 20.20 0.37 5 
Hamadryas epinome BIB d 36.06 0.15 156 
9 37.67 0.29 15 
Hamadryas fornax BIB d 36.62 0.26 26 
2 37.7 0.48 4 
Myscelia orsis BIB é 24.60 0.65 10 
9 ZT 0.29 30 


Fragmented landscape MGxFR 
x (mm) SE N t-test df DS 
45.44 0.27 25 0.02 55.4 0.991 
24.04 0.28 26 0.06 8.6 0.956 
25.18 0.69 8 0.09 8.5 0.95 
23.58 0.37 36 2.45 63.9 0.017 
25.87 0.34 23 2.86 16.8 0.011 
35.78 0.28 9 2.23 24.7 0.035 
19.51 0.19 47 1.64 6.3 0.151 
35.95 0.09 262 0.62 258.8 0.534 
36.96 0.20 47 2.03 28.7 0.052 
36.46 0.25 28 0.42 51.8 0.680 
36.80 0.20 5 1.83 4.1 0.140 
25.58 0.15 57 1.46 9.9 0.178 
27.13 0.26 53 0.35 58.5 0.730 


territoriality. In the present work, it is not possible to 
identify which of these factors could account for the 
observed pattern. Recapture rates may also be a result 
of the capture method employed, which may have been 
“traumatic” for certain species. Morton (1982) found 
that handling changed recapture rates in four of the five 
species studied, all captured with nets. Mallet et al. 


(1987) demonstrated that capture and handling reduce 
the tendency of Heliconius butterflies to return to the 
capture site in the days following marking, while 
maintaining their presence in another part of their living 
area. However, Hughes et al. (1998) found no evidence 
for either 'trap-happiness' or 'trap-recognition' for 
frugivorous butterflies in Costa Rica. In the present 
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TABLE 4. Wing size of frugivorous butterflies (Nymphalidae) sampled in the Morro Grande Reserve and in the fragmented landscape from 
November 2001 to May 2002: comparisons among sexes (both landscapes pooled). Bold numbers represent significant p values after Bonfer- 
roni's correction). Abbreviations as in Table 2 legend. CHA = Charaxinae. *Corrected critical P-value = 0.004 


Species Subf 3 9 Sx 
x (mm) SE N x (mm) SE N t-test df ps 
Dasyophthalma creusa BRA 45.44 0.17 64 52.25 0.47 8 14.01 9.3 < 0.001 
Moneuptychia paeon SAT 19.89 0.36 12 18.79 0.18 19 0.32 16.65 0.378 
Forsterinaria necys SAT 24.03 0.25 33 25.47 0.31 15 3.62 32.7 0.001 
Forsterinaria quantius SAT 25.09 0.26 34 26.55 0.37 11 3.25 20.9 0.004 
Godartiana muscosa SAT 23.02 0.27 66 25.24 0.34 34 5.18 73.3 < 0.001 
Taygetis ypthima SAT 36.70 0.38 40 37.89 0.34 18 9/39 51.22 0.012 
Euptychoides castrensis SAT 18.63 0.96 27 19.58 0.18 52 3.04 50.6 0.004 
Ectima thecla BIB 21.68 0.24 25 21.56 0.34 9 0.30 16.41 0.383 
Hamadryas epinome BIB 35.99 0.08 418 37.13 0.17 62 6.08 90.7 < 0.001 
Hamadryas fornax BIB 36.54 0.18 54 37.22 0.28 9 2.07 15.8 0.055 
Myscelia orsis BIB 25.43 0.16 67 27.30 0.23 83 6.57 139.8 < 0.001 
Memphis appias CHA 29.95 0.47 19 31.40 1.06 10 1.26 12.64 0.116 
Memphis otrere CHA 30.00 0.81 16 32.97 0.53 15 2.34 25.5 0.027 
Memphis ryphea CHA 29.82 0.62 22 31.88 0.28 17 3.03 29,02 0.003 


study, the long time between visits to the traps (48 
hours) along with butterfly handling might have 
contributed to many individuals acquiring aversion to 
the trap (‘trap shyness'). 

In many cases, we observed frugivorous butterflies 
flying through the matrix and along the main open roads 
in the Reserve. Thus, the lack of recaptures between 
SUs could be a result of large numbers of butterflies 
present in the study area together with the small 
probability of recaptures of the individuals, not a result 
of the impermeability of the matrix or low mobility of 
these butterflies. 

The regularity of age structure probably reflects 
continuous reproduction with overlapping generations 
in the majority of the analyzed species (unpublished 
data). As new individuals are continuously being added 
to the population, the presence of all ages, from 'new' to 
'old' is expected. For species in which individuals are 
added at a greater rate, the accumulation of individuals 
of the 'new' category would be proportionally greater 
than the others, as observed in some cases (Table 5; see 
also Freitas 1993). 

The higher wing damage rates of the subfamily 
Brassolinae may reflect only their large size, 
characteristic of many species of this subfamily. A 
simple explanation would be that these individuals are 
more damaged because they collide more often with the 
vegetation. The same trait may make them both 
conspicuous targets for predators and more likely to 
escape a predator attack. Another explanation for the 
large damage rates would be the aggressiveness of some 


species (Brown 1992, Freitas et al. 1997, Srygley & Penz 
1999). 

Fragmentation effects. The sex ratio of the two 
most abundant species in both landscapes, Hamadryas 
epinome and Myscelia orsis, showed different patterns 
between the landscapes; H. epinome showed a higher 
proportion of females in the fragments, whereas in M. 
orsis more females were recorded in the reserve. Some 
studies have shown that density of males, quantity of 
host plant, and reduction or increase of competitors and 
predators can result in biased sex ratios (Shapiro 1970, 
Blau 1980, Peterson 1997). 

The large number of Satyrinae in 'intermediate' and 
'old' age categories in the fragments indicates some 
fragmentation effect on the wing wear in this subfamily. 
Possible explanations could be that individuals in the 
fragments age faster, live longer, or both. Another 
explanation could be the increase in individual activity 
in fragmented landscapes. This increase may be related 
to a higher light incidence and consequently higher 
temperature in the fragments, a well-known 
fragmentation effect (see Turton & Freiburger 1997). 
Because most satyrines in the study sites fly in the lower 
forest strata, an increase in temperature and light level 
associated with fragmentation could be more important 
for the individuals of this subfamily The pattern 
observed in G. muscosa, with individuals tending to 
'new' in the fragments is divergent in the subfamily 
Satyrinae, and should be studied in more detail. 

We detected possible effects of forest fragmentation 
only in sex ratio and age structure; we found no 
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TABLE 5. Age structure of frugivorous butterflies (Nymphalidae) sampled in the Morro Grande Reserve and in the fragmented landscape 
from November 2001 to May 2002. A. Males vs. females. B. Comparison among landscapes, pooled by subfamilies. Bold numbers represent 
significant p values (after Bonferroni's correction). Abbreviations as in Tab. 2 legend. Int = Intermediate, CHA = Charaxinae. * Corrected criti- 
cal P-value: Fragments = 0.01; Reserve = 0.005; °° Corrected critical P-value = 0.013 


Morro Grande Reserve 


Fragmented landscape 


A) Species Subf. Sex 
New Int 
Dasyophthalma creusa BRA d 8 22 
6 0 
Moneuptychia paeon SAT g 1 0 
Forsterinaria necys SAT d 1 2 
o = = 
Forsterinaria quantius SAT 3 19 6 
1 6 
Godartiana muscosa SAT d 4 13. 
4 Ti 
Taygetis ypthima SAT d 27 2 
13 4 
Euptychoides castrensis SAT d - - 
2 2 
Memphis appias CHA d 0 0 
Memphis otrere CHA d il 0 
1 0 
Memphis ryphea CHA ó - - 
Il 0 
Ectima thecla BIB d 0 0 
2 2 0 
Hamadryas epinome BIB d 99 46 
14 1 
Hamadryas fornax BIB d 23 3 
? 0 0 
Myscelia orsis BIB ó 8 1 
? 16 12 
B) Subfamily Morro Grande Reserve 
New Int Old 
Brassolinae 39 39 18 
Satyrinae 114 57 26 
Charaxinae 39 5 9 
Biblidinae 180 70 35 


Old | G-test ps New Int Old . G-test D 
4.97 0.118 7 13 T 1.23 0.540 
0 z E : " 3 E à 
- - 2 4 7 1.53 0.466 
- - - 10 1 5.35 0.069 
2 - - 9 13 4 2.64 0.267 
- - 10 5 0 - - 
2 9.07 0.011 2 5 1 - - 
2 - - 2 0 0 = z 
5 2.78 0.249 20 15 1 13.33 0.001 
0 - - T 12 3.02 0.221 
6 15.67 «0.001 7 3 0 - - 
1 7.01 0.030 0 0 0 - - 
- - - E jut 15 151 0.469 
il - - 13 26 0 35.44  « 0.001 
il - - 18 2 1 13.00 0.002 
È s : 3 5 2 : : 
3 - - E 7 1 3.58 0.167 
0 - - 9 3 2 2.86 0.239 
- - - 15 -4 3 5.56 0.062 
0 - - 14 3 l 8.27 0.016 
0 - - 23 2 0 - - 
0 - - T 0 0 - - 
28 22.84 <0.001 197 6l 36 72.38 < 0.001 
0 - - 46 g 0 - - 
0 = - 17 il 0 - - 
0 - - 3 3 0 - - 
1 - - 43 12 2 27.04 < 0.001 
4 4.30 0.117 30 21 4 12.99 < 0.001 
Fragmented landscape MGxFR 
New Int Old G-test ES 
15 25 17 411 0.128 
116 137 48 18.71 « 0.001 
103 40 24 5.93 0.052 
403 125 AT 5.27 0.072 
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TABLE 6 Wing damage in frugivorous butterflies (Nymphalidae) in the Morro Grande Reserve and in the fragmented landscape sampled from 
November 2001 to May 2002. A. Most abundant species. B. Data pooled by subfamily. Abbreviations as in Tab. 2 legend. ° Corrected critical 


P-value = 0.004. °° Corrected critical P-value = 0.013 


A) Species Subf 
Dasyophthalma creusa BRA 
Forsterinaria necys SAT 
Forsterinaria quantius SAT 
Godartiana muscosa SAT 
Taygetis ypthima SAT 
Euptychoides castrensis SAT 
Hamadryas epinome BIB 
Hamadryas fornax BIB 
Myscelia orsis BIB 

B) Subfamily % damaged (n) 

MG FR G-test 
Brassolinae 41.7 (96) 45.6 (57) 0.23 
Satyrinae 14.2 (197) 14.4 (306) 0.00 
Charaxinae 19.0 (58) 24.0 (167) 0.63 
Biblidinae 23.5 (285) 18.4 (576) 3.04 


evidence that recapture rates, wing size, or damage in 
frugivorous butterflies are related to fragmentation. 
Among the possible explanations for the observed 
pattern, we suggest that 1) even though the 
environment was modified more than 100 years ago, 
due to land-use rules of the region the landscape 
continues to be sufficiently permeable and suitable for 
maintaining most general biological patterns for long 
periods of time in butterflies; 2) many of the non-effects 
found in this study could be statistical artifacts, due to 
the conservative analyses we used; 3) most of the traits 
chosen in this study are usually not affected by this level 
of fragmentation, or 4) the commonest frugivorous 
butterflies could be in some degree resistant to habitat 
fragmentation (at least for the traits used in this study). 

Frugivorous butterflies are easy (and inexpensive) to 
sample and identify, are potentially 'charismatic' to 
nonscientists and could be used in monitoring programs 
by nonspecialists. However, basic natural history studies 
on this group are virtually absent for the Brazilian 
Atlantic Forest species. The data presented here should 
serve as a guideline for future work, either with 
population biology or with fragmentation effects in this 
butterfly group. 
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APPENDIX I. Frugivorous butterfly (Nymphalidae) sampled in the Morro Grande Reserve and in the fragmented landscape from November 
2001 to May 2002. MOR = Morphinae, BRA = Brassolinae, SAT = Satyrinae, BIB = Biblidinae, CHA = Charaxinae, COE = Nymphalinae, Co- 
eini. nd = individuals whose sex could not be determined (abdomen missing due to predation in traps). 


Morro Grande Reserve Fragmented landscape 
Species Subf. d 9 nd Total d 9 nd Total 

Morpho achilles MOR 0 0 1 l 0 5 0 5 
Morpho catenarius MOR 3 l 1 5 7 1 2 10 
Caligo arisbe BRA 1 L 1 6 3 0 0 3 
Caligo beltrao BRA 3 0 0 3 1 0 0 1 
Caligo eurilochus BRA 1 0 0 1 4 0 0 4 
Caligo illioneus BRA il 0 0 1 0 0 0 0 
Dasyophthalma creusa BRA 42 8 0 50 29 0 9 31 
Dasyophthalma rusina BRA 0 0 1 1 0 0 0 0 
Eriphanes reevesi BRA 12 7 1 20 2 3 0 5 
Narope cyllarus BRA 0 0 0 0 0 0 1 
Opoptera aorsa — BRA 1 2 0 2 il 0 

Opoptera syme 5 BRA 10 0 Il 1i 10 2 1 13 
Opsiphanes invirae BRA y 0 2 9 1 0 0 1 
Archeuptychia cluena SAT 11 2 1 14 2 1 8 
Moneuptychia griseldis SAT 0 0 0 0 2 0 2 
Moneuptychia paeon SAT 1 0 0 1 13 19 3 35 
Eteona tisiphone SAT 1 1 0 2 1 5 0 6 
“Euptychia” pronophila SAT 0 0 0 0 0 0 1 
Forsterinaria necys SAT 8 0 0 8 26 15 3 44 
Forsterinaria quantius SAT 27 9 2 38 8 2 0 10 
Godartiana muscosa SAT 31 11 2 44 23 36 1 60 
Hermeuptychia hermes SAT 1 0 0 1 6 0 1 T 
Moneuptychia soter SAT 0 1 0 1 6 2 2 10 
Pareuptychia ocirrhoe SAT 0 0 0 0 1 0 0 1 
Paryphthimoides phronius SAT 0 1 0 1 1 0 0 1 
Splendeuptychia ambra ` SAT 6 1 0 7 0 0 0 0 
Splendeuptychia doxes SAT 2 1 0 3 1 7 2 20 
Splendeuptychia hygina SAT 6 0 0 6 0 0 0 0 
Taygetis acuta SAT 8 1 0 9 1 0 0 1 
Taygetis ypthima SAT 35 19 2 56 10 2 1 13 
Taygetis laches SAT 3 0 1 4 1 0 0 1 
Taygetis virgilia SAT 0 1 0 1 1 0 0 l 
Yphthimoides angularis SAT 0 0 0 0 1 0 0 l 
Euptychoides castrensis SAT 0 5 0 5 33 48 5 86 
Callicore sorana BIB 0 0 0 0 1 0 0 1 
Catonephele acontius BIB 0 1 0 i 0 0 0 0 
Catonephele numilia BIB 3 3 0 6 6 1 0 7 
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Morro Grande Reserve 


Fragmented landscape 


Species Subf. d 9 nd Total d 9 nd 
Diaethria candrena BIB 0 1 0 1 0 1 0 
Diaethria clymena BIB 0 0 0 0 1 1 1 
Ectima thecla BIB 0 2 0 2 25 y 1 
Epiphile huebneri BIB 0 0 0 0 4 0 0 
Epiphile orea BIB 0 0 4 4 4 0 
Eunica eburnea BIB 1 0 0 1 0 0 0 
Hamadryas amphinome BIB 3 0 0 3 10 2 0 
Hamadryas arete BIB 1 0 0 1 3 9 0 
Hamadryas epinome BIB 174 15 5 194 294 48 4 
Hamadryas februa BIB 3 0 0 3 4 l 0 
Hamadryas feronia BIB 0 0 0 0 2 ii 0 
Hamadryas fornax BIB 26 4 0 30 28 6 0 
Hamadryas iphthima BIB 2 0 0 2 3 0 0 
Myscelia orsis BIB 11 32 0 43 58 55 2 
Paulogranma pyracmon BIB 0 0 0 0 1 1 0 
Temenis laothoe BIB 1 0 0 1 1 0 0 
Consul fabius CHA 0 0 0 0 Ji 1 0 
Hypna clytemnestra CHA 3 5 1 9 5 9 0 
Memphis appias CHA 1 0 0 i 2] 10 0 
Memphis arginussa CHA 3 0 0 3 4 3 0 
Memphis morvus CHA 0 0 0 0 3 0 1 
Memphis otrere CHA 4 il 0 5 15 14 0 
Memphis philumena CHA 0 1 0 1 1 0 0 
Memphis ryphea CHA 0 1 0 1 22 19 ll 
Prepona amphimachus CHA 14 2 0 16 5 0 1 
Prepona chalciope CHA 1 1 a 7 8 0 
Prepona demophon CHA 5 1 0 6 6 2 0 
Prepona demophoon CHA 0 0 0 0 3 0 0 
Prepona pylene CHA 0 0 0 0 1 0 0 
Zaretis itys CHA 3 7 1 1l 1 5 0 


Total 


346 


